The gross and histological appearance and the distribution of T and B lymphocytes and plasma cells are described for lymphoid tissues obtained from 15 platypuses. The spleen was bilobed and surrounded by a thick capsule of collagen, elastic fibres and little smooth muscle. White pulp was prominent and included germinal centres and periarterial lymphoid sheaths. Red pulp contained haematopoietic tissue. A thin lobulated thymus was located within the mediastinum overlying the heart. The cortex of lobules consisted of dense aggregates of small and medium lymphocytes, scattered macrophages and few reticular epithelial cells. In the medulla, Hassall's corpuscles were numerous, lymphocytes were small and less abundant, and reticular cells were more abundant than in the cortex. Lymphoid nodules scattered throughout loose connective tissue in cervical, pharyngeal, thoracic, mesenteric and pelvic sites measured 790p370 µm (meanp.., n l 39) in diameter, the larger of which could be observed macroscopically. These consisted of single primary or secondary follicles supported by a framework of reticular fibres. Macrophages were common in the germinal centres. The platypus had a full range of gut-associated lymphoid tissue. No tonsils were observed macroscopically but histologically they consisted of submucosal follicles and intraepithelial lymphocytes. Peyer's patches were not observed macroscopically but histologically they consisted of several prominent submucosal secondary follicles in the antimesenteric wall of the intestine. Caecal lymphoid tissue consisted of numerous secondary follicles in the submucosa and densely packed lymphocytes in the lamina propria. Bronchus-associated lymphoid tissue was not observed macroscopically but was identified in 7 of 11 platypus lungs assessed histologically. Lymphoid cells were present as primary follicles associated with bronchi, as aggregates adjacent to blood vessels and as intraepithelial lymphocytes. The distribution of T lymphocytes, identified with antihuman CD3 and CD5, and B lymphocytes and plasma cells, identified with antihuman CD79a and CD79b and antiplatypus immunoglobulin, within lymphoid tissues in the platypus was similar to that described in therian mammals except for an apparent relative paucity of B lymphocytes. This study establishes that the platypus has a well-developed lymphoid system which is comparable in histological structure to that in therian mammals. It also confirms the distinctiveness of its peripheral lymphoid tissue, namely lymphoid nodules. Platypus lymphoid tissue has all the essential cell types, namely T and B lymphocytes and plasma cells, to mount an effective immune response against foreign antigens.
Histological and immunohistological investigation of lymphoid tissue in the platypus (Ornithorhynchus anatinus)


The platypus (Ornithorhynchus anatinus) is one of 3 extant monotremes (prototherians) which diverged from therian mammals (metatherians and eutherians) over 180 million years ago (Atwell et al. 1973 ;  Correspondence to J. H. Connolly, Department of Veterinary Anatomy and Pathology B14, University of Sydney, NSW 2006, Australia. Griffiths, 1978 ; Dawson, 1983) . Little has been published on lymphoid tissue or the immune response in the monotreme, and what work has been done has mostly involved the short beaked echidna (Tachyglossus aculeatus) with the emphasis on the antibody response (Diener & Ealey, 1965 ; Diener et al. 1967 a, b ; Diener, 1970 ; Atwell et al. 1973 ; Rowlands, 1976 ; Atwell & Marchalonis 1977 ; Griffiths, 1978 ; Marchalonis et al. 1978) .
Lymphoid tissues present in the platypus that have been described grossly include thymus, spleen, gutassociated lymphoid tissue (GALT) and lymphoid nodules comparable in anatomical position to those found in therian mammals (Home, 1802 ; Mitchell, 1905 ; Osman Hill & Rewell, 1954 ; Krause, 1975 ; Whittington, 1988 ; Osogoe et al. 1991) .
Histological studies of these tissues in the platypus are limited but it has been reported that the parenchyma of the spleen is composed of red and white pulp supported by a capsule, trabeculae and reticular fibres (Tanaka et al. 1988) , that the thymus is composed of lobes divided into cortex and medulla and supported by a capsule and septa (Whittington, 1988) and that lymph nodules are single follicles scattered throughout loose connective tissue associated with blood vessels (Diener & Ealey, 1965 ; Whittington, 1988) . Tonsillar tissue has not been reported in the platypus to date but has been reported in the pharynx of the echidna associated with the submandibular salivary glands (Diener & Ealey, 1965 ). Peyer's patches have been reported as being well developed in the platypus ileum in one report (Osogoe et al. 1991) and uncommon in the platypus intestine in another (Whittington, 1988) . A caecum is present at the ileocolic junction of the platypus which is principally a lymphoid organ (Whittington, 1988 ; Osogoe et al. 1991) . To date, there have been no reports of bronchus-associated lymphoid tissue (BALT) in monotremes.
Immunohistological staining of lymphocytes within lymphoid tissues has recently been undertaken successfully in a range of new world and Australian marsupial species because of the availability of some cross-reactive antibodies raised against intracytoplasmic peptide sequences of human lymphocyte associated molecules (Coutinho et al. 1993 (Coutinho et al. , 1994 Jones et al. 1993 ; Canfield et al. 1996) and the development of some specific antimarsupial immunoglobulins (Hemsley et al. 1995) . Immunohistological studies on platypus lymphoid tissue to date have not been attempted but it seemed highly probable that the cross-reactive antibodies could be successfully employed. Moreover, several antiplatypus monoclonal antibodies are now available for use in histological sections. The objectives of this study were threefold : first, to provide additional information on the gross structure of platypus lymphoid tissue ; secondly, to attempt to detect microscopic lymphoid tissue in the tonsillar region and respiratory tract and to provide detailed histological descriptions for them and other lymphoid tissues ; and thirdly, to assess the success of applying cross-reactive and specific antiplatypus antibodies to histological sections in order to determine the distribution of T and B lymphocytes and plasma cells within platypus lymphoid tissues.
  
Animals and tissues used in the study
Fresh lymphoid tissue samples were obtained from 15 platypuses from various locations from Tasmania and New South Wales. Four of these were necropsied by the authors, whereas paraffin-embedded tissues, either fixed in formalin or Bouin's fixative, were obtained from 11 platypuses. Nine platypuses were male, 5 were female and for 1 the sex was not recorded. Seven were adult, 6 were juvenile and for 2 platypuses age was not recorded. The main cause of death of the juveniles used in this study was starvation\exposure while in the adults drowning, heat stress, septicaemia and trauma all contributed. Tissues examined included spleen, thymus, lymphoid nodules, GALT and BALT (Table 1) . Thymic tissue was examined from 2 adult and 1 subadult animal. The examination of the tonsillar tissue of the platypus was restricted to the examination of fixed specimens of tongue, pharynx, proximal trachea and oesophagus obtained from 2 animals.
For histology and immunohistology, fresh tissues were formalin fixed and processed for paraffin embedding. Sections for histological examination were cut at 6 µm and stained with haematoxylin and eosin (H & E). Selected specimens were also stained with Gomori's trichrome stain for collagen, resorcinfuchsin stain for elastin and Gordon and Sweet's stain for reticulin (Culling et al. 1985) . Sections for immunohistological staining were cut at 4 µm, mounted on slides coated with 3 aminopropyltriethoxysilane and dried at 37 mC.
Primary antibodies and staining method for immunohistology
Primary antibodies used for the immunohistological staining of lymphocytes were polyclonal or monoclonal species cross-reactive antibodies raised against intracytoplasmic peptide sequences of human T or B lymphocyte associated molecules (Mason et al. 1989 (Mason et al. , 1992 Mason, 1991 ; Kroese et al. 1992) . A monoclonal antiplatypus serum immunoglobulin (Ig) was produced according to the method of Fazekas de St Groth & Scheidegger (1980) and used to stain plasma cells. Briefly, BALB\c mice were immunised by 3 intraperitoneal injections of 0.15 ml of serum pooled from 8 platypuses, at 4 wk intervals, followed by an intravenous injection of 0.15 ml serum 2 wk later. Four days later 1i10) spleen cells were fused with 1i10) NS-1 myeloma cells (CSL, Parkville, Australia) in polyethylene glycol, resuspended in GKN (glucose\ potassium\sodium chloride) for 4 h and then cultured in complete RPMI 1640 medium (P7755 ; Sigma-Aldrich, Castle Hill, Australia) with 1 % HAT (H0262 ; Sigma-Aldrich) selective medium (hypoxanthine\aminopterin\thymidine). Following screening and cloning the monoclonal antibody was isotyped as IgG1 and shown to recognise affinity purified platypus Ig by ELISA. This antibody is further described in a subsequent paper. The sources, specifications and dilutions of antibodies used are presented in Table 2 . For negative controls for the polyclonal antibodies, normal rabbit immunoglobulins (X903 ; Dakopatts, Glostrup, Denmark) were applied to the sections in place of the primary antibodies. For the monoclonal antibodies, normal mouse IgG " antichicken immunoglobulin (12 CONT 01 ; Silenus, Melbourne, Vic., Australia) or IgG #b antiNeisseria gonorrhoeae (12 CONT 03 ; Silenus) was used as a negative control. Omission of primary antibody was also used for some sections.
A streptavidin biotin-horseradish peroxidase method was used for immunohistological staining. Sections were deparaffinised in xylene and taken through graded alcohols to water. Endogenous peroxidase activity was quenched by applying a 0.6 % solution of H # O # in 50 % methanol\ 50 % PBS v\v for 30 min. The slides were washed 3 times in PBS, placed in 0.01 mol\l tri-sodium citrate buffer, microwaved until boiling and then boiled for another 6 min for antigen retrieval (Shi et al. 1991) . After allowing the buffer to cool for 10 min the sections were washed 3 times with PBS. A 1 : 20 dilution of normal goat serum was applied to the slides for 30 min to block nonspecific protein binding. Excess serum was tapped from the sections and the primary antibodies were applied (see Table 2 ) for 60 min at room temperature (18-25 mC). Antihuman CD3, CD5, CD79a and CD79b were diluted in 1 : 20 normal goat serum and antiplatypus serum immunoglobulin was used undiluted. Sections were washed in 3 changes of PBS and 1 : 100 biotinylated goat antimouse\rabbit Ig (K492 ; Dakopatts) was applied to the sections for 60 min at room temperature. After washing in 3 changes of PBS, streptavidin biotin-horseradish peroxidase (K492 ; Dakopatts) was applied to the sections for 30 min. The sections were washed 5 times in PBS and 3,3h diaminobenzidine (SK4100 ; Vector Laboratories, Burlingame, CA, USA) was applied to the sections until optimal brown staining of positive cells occurred as determined by light microscopy. Sections were then rinsed in tap water, soaked in water for 5 min, counterstained with haematoxylin, dehydrated through graded alcohols and xylene, mounted and examined microscopically.
Statistics
Measurements described as the meanp.. were determined from small numbers of animals which did not take into consideration variations in sex, age or geographic location.

Spleen
Grossly, the spleen of the platypus was bilobed in shape and relatively large ; the 2 lobes from 1 animal measured 106i16 mm and 43i12 mm (Fig. 1) .
Histologically, the spleen was surrounded by a thick connective tissue capsule (meanp..; 45.4p23.9 µm, n l 6), from which trabeculae extended into the splenic parenchyma. The capsule and trabeculae contained collagen and elastic fibres but relatively little smooth muscle (Fig. 2) . White pulp was distributed evenly throughout the spleen as lymphatic follicles and sometimes as periarterial lymphoid sheaths (PALS) around central arteries. Germinal centres consisted of large lymphoid cells and macrophages, surrounded by a mantle of small lymphocytes. A crescent-shaped, blood-congested zone (Fig. 3 ) occurred within follicles, usually between the germinal centre and mantle. The red pulp consisted of a network of venules or venous sinuses. Trabeculae were surrounded by haematopioetic tissue, which included cells of the granulocytic and erythroid lines, and megakaryocytes. Plasma cells were also present in the red pulp. Many of the megakaryocytes and plasma cells were observed in a second blood-congested zone, which was located outside the mantle of follicles and which separated the white pulp from the red pulp (Fig. 3) .
Immunohistologically, CD3 positive cells were prominent in the follicular mantles and adjacent PALS in the splenic white pulp (Fig. 4) . In some sections from splenic tissues fixed closer to the time of death, CD5 positive cells had the same distribution as CD3 positive cells, while tissues with some autolysis failed to stain. CD79a positive cells (Fig. 5) included medium to large lymphocytes in the follicular mantle and also large, often binucleate megakaryocytes surrounding follicles (in the blood congested zone between white and red pulp). Some nonspecific staining of smooth muscle occurred with anti-CD79a. CD79b positive cells, many with the morphology of plasma cells, were present surrounding follicles and throughout the red pulp (Fig. 6) . Some megakaryocytes also appeared to be positive for CD79b. Antiplatypus serum Ig very specifically and intensely stained plasma cells in the red pulp and occasionally in germinal centres (Fig. 7) .
Thymus
Grossly, the thymus was a thin, lobulated structure located within the mediastinum in the thorax of the platypus. It was especially well developed in the juvenile animal, where it overlaid the heart. Histologically, each lobe was surrounded by a connective tissue capsule (16.5p10.3 µm thick, n l 3) which gave off septa that divided the lobes into many highly vascularised lobules (Fig. 8) . Each lobule was differentiated into a cortex and a medulla. The cortex consisted of densely aggregated small and medium lymphocytes, scattered macrophages and less abundant reticular epithelium (epithelial thymocytes). Lymphocytes in the medulla were small and less abundant while reticular epithelium was more abundant. Numerous Hassall's corpuscles, consisting of concentrically arranged flattened keratinised epithelial cells, were present in the medulla (Fig. 9) . No evidence of thymic involution was observed in the adult or juvenile animals examined.
Immunohistologically, a high proportion of medullary lymphocytes were anti-CD3 positive. A proportion of the densely packed cortical lymphocytes were positive for CD3. CD5 positive cells were predominantly seen in the medulla but scattered weaker-stained cells were also present in the cortex (Fig. 9) . CD79a positive cells were sparse and found scattered in the cortex and medulla. Antiplatypus serum Ig and CD79b positively identified scattered plasma cells in the cortex and medulla which were often perivascular. 
Lymphoid nodules
Lymphoid nodules were not always visible grossly, but chains of the larger lymph nodules could be seen macroscopically adjacent to blood vessels in loose connective tissue in cervical, pharyngeal, thoracic, mesenteric ( Fig. 10) and pelvic sites. Lymph nodules were more noticeable in juvenile platypuses and measured 182 to 1690 µm in diameter (n l 39).
Histologically, lymphoid nodules consisted of single primary or secondary follicles (Figs 11, 12 ) surrounded by cuboidal epithelium and with a hilus containing vessels, some of which were filled with blood. The outer mantle of the secondary follicles contained densely packed small lymphocytes, which enclosed an inner germinal centre with loosely packed, larger lymphocytes. Macrophages were abundant in the germinal centre and to a lesser extent in the mantle. The lymphoid nodule was supported by a framework mainly composed of reticular fibres.
Immunohistologically, cells positive for CD3 occurred as both densely packed clusters and scattered individual cells in peripheral and\or central regions of primary and secondary follicles from all animals (Fig.  12 ). CD5 positive cells had the same distribution as CD3 positive cells and were observed in lymph nodules from 7 of 10 animals, 2 of which intensely stained while the remainder weakly stained. CD79a positive cells were scattered in lymph nodules from 3 animals, but were absent from the remaining 7. Many vessel walls within the lymph nodules stained nonspecifically with anti-CD79a. Occasional CD79b positive plasma cells were observed in lymph nodules from 4 animals. Antiplatypus serum Ig stained plasma cells in lymph nodules from five animals.
GALT
No tonsillar tissue was observed macroscopically in the pharyngeal tissues from the 2 animals examined. Peyer's patches were not observed macroscopically in the 3 animals examined. A caecum approximately 2.5 cm long was observed at the ileocolic junction of the 3 animals examined.
Histologically, GALT was submucosal and included tonsils in the pharynx, Peyer's patches in the small and large intestine and caecal lymphoid tissue, as well as scattered subepithelial and intraepithelial lymphoid cells. A paraepiglottic tonsil was detected which consisted of densely packed lymphocytes (primary follicle) beneath a stratified squamous epithelium without apparent surface invaginations (Fig. 13) . Some lymphocytes were observed infiltrating the epithelium. The Peyer's patches consisted of several prominent submucosal secondary follicles, in the antimesenteric wall of the intestine, which projected dome-like structures towards the mucosa but which did not breach the muscularis mucosae (Fig.  14) . Invaginations of the intestinal glands were often observed in association with the domes of the lymphoid follicles. Macrophages were scattered throughout the submucosal lymphoid follicles but were found in higher numbers furthest from the lumen of the intestine. The caecum had numerous submucosal secondary follicles and its lamina propria was densely packed with lymphocytes (Fig. 15 ). Macrophages were scattered throughout the submucosal follicles. No mucosal epithelium was present in the 2 samples examined due to autolysis.
Immunohistologically, the tonsillar follicles consisted of numerous, densely packed CD3 positive cells. CD3 positive cells were also detected in the overlying lamina propria and as intraepithelial lymphocytes (Fig. 16 ). These cells were CD5, CD79a and CD79b negative. Plasma cells, surrounding the tonsillar follicle and below the overlying epithelium were positive for CD79b and platypus serum Ig. Most lymphocytes in Peyer's patches, within the lamina propria and in intraepithelial sites were CD3 and CD5 positive. CD3 positive cells were more numerous and stained more intensely than CD5 positive cells. Only occasional lymphocytes in the follicles of the Peyer's patches and no cells in the lamina propria were positive for CD79a. No lymphoid cells were positive for CD79b or platypus serum Ig. CD3 positive cells were the predominant lymphoid cells in the lamina propria and to a lesser extent in the submucosal lymphoid follicles of the caecum. Scattered CD79a positive cells were seen in one specimen only. An occasional CD79b positive plasma cell was observed. Scattered plasma cells positive for platypus Ig were observed, particularly at the edge of the domed submucosal lymphoid follicles.
BALT
BALT was not observed macroscopically in any of the lungs examined. However, it was present in the lung from 7 of 11 animals (63.6 %) examined histologically (Fig. 17) . Lung sections from these 7 animals had 6.6p3.4 foci of lymphoid tissue adjacent or in the submucosa of a bronchus and 4.4p3.4 aggregates of lymphoid cells adjacent to vessels distant from bronchi. The BALT was commonly located between bronchi and arteries. It could breach the muscularis mucosae to be adjacent to the epithelial lining of the bronchus or it could be located beneath the muscularis mucosae. Intraepithelial lymphocytes were present.
Immunohistologically, the predominant lymphoid cell present in the BALT, perivascular lymphoid tissue and scattered in alveolar walls was CD3 positive (Fig.  18) . CD5 positive cells were present at these sites, but were fewer in number and less intensely staining than for CD3. Scattered CD79a positive lymphocytes and CD79b positive plasma cells were present in alveolar walls but not in BALT. Plasma cells were inconsistently positive with antiplatypus serum Ig.

The platypus has a well developed spleen, thymus and gut-associated lymphoid tissue which are comparable in histological structure to those in therian mammals. It also confirms the distinctiveness of lymphoid nodules in the peripheral lymphoid tissue in the platypus. While acknowledging the limitation of structure as a predictor of function, it is apparent that platypus lymphoid tissue has all the essential cell types, namely T and B lymphocytes and plasma cells, to mount an effective immune response against foreign antigens.
In eutherian mammals, the spleen is accepted as playing a key role in immune surveillance of systemic antigens as well as a variable role in haematopoiesis and haemodynamics . The prominence of germinal centres and PALS in the white pulp of the platypus spleen would suggest it plays a similar role. Moreover, this study suggests that the red pulp has a key role to play in extramedullary haematopoiesis, which is supported by previous studies (Tanaka et al. 1988 ; Whittington, 1988) . However, because of its relative lack of smooth muscle, the spleen of the platypus is not thought to be a site of erythrocyte storage (Whittington, 1988) .
The thymus is an important lymphoid organ in the seeding of other lymphoid tissue with T lymphocytes (Raviola, 1994 b) . This study confirms the presence of considerable numbers of T lymphocytes in the platypus thymus and supports previous histological findings in the echidna that the monotreme thymus consists of numerous highly vascularised lobules each with cortices composed of densely packed small lymphocytes and a few epithelial thymocytes and medullas containing many epithelial thymocytes, numerous Hassall's corpuscles and few lymphocytes (Diener & Ealey, 1965 ; Griffiths, 1978) . Of interest was the lack of evidence for thymic involution in the adult platypuses in this study. The cause of death of the platypuses used in this study included starvation\ exposure, drowning, heat stress, septicaemia and trauma. Some of these conditions should have contributed to premature involution as they have in other species (Raviola, 1994 b ; Canfield et al. 1996) .
The small and numerous lymphoid nodules observed throughout loose connective tissue in cervical, pharyngeal, thoracic, mesenteric and pelvic sites of the platypus are similar to those described in the echidna, and were in sites where lymph nodes would be expected in therian mammals (Diener & Ealey, 1965) . While the histological appearance suggests that the lymphoid nodules are phylogenetically primitive in structure (resembling the jugular bodies of the amphibian) compared with lymph nodes of therian mammals, the finding of both T and B lymphocytes would indicate that the potential for immune responsiveness to the full range of antigens does exist. Moreover, the suggested association of the lymphoid nodules with lymphatics would provide a pathway for antigens derived from peripheral tissues. The facts that the lymphoid nodules had hilar blood vessels and, grossly, were adjacent to blood vessels might suggest a capacity for lymphocytes and humoral products to enter the vascular system.
While the full range of GALT, namely tonsils, Peyer's patches and caecal lymphoid tissue, have been reported in the echidna (Diener & Ealey, 1965 ; Griffiths, 1978 ; Whittington, 1988) , only Peyer's patches and caecal lymphoid tissue have been previously reported in the platypus (Home, 1802 ; Mitchell, 1905 ; Osman Hill & Rewell, 1954 ; Krause, 1975 ; Whittington, 1988 ; Osogoe et al. 1991) . It is now apparent, with the detection of tonsillar tissue in this study, that the platypus has the full mammalian range of GALT with histological and immunohistological characteristics suggesting a theoretical capacity to respond to a wide range of mucosallypresented antigens. The presence of numerous lymphoid nodules accompanying blood vessels in the mesentery of the platypus (Home, 1802 ; Osman Hill & Rewell, 1954 ; Osogoe et al. 1991) and echidna (Basir, 1941 ; Diener & Ealey, 1965 ) suggests a lymphatic drainage system similar to that provided by mesenteric lymph nodes in therian mammals.
Gross detection of GALT in the platypus in this study was not easy. Both tonsillar tissue and Peyer's patches were difficult to detect although the lymphoid tissue of the caecum was obvious which is in keeping with the tissue in the caecum of the echidna (Diener & Ealey, 1965 ; Griffiths, 1978 ; Whittington, 1988) . Macroscopically visible Peyer's patches have been reported in the ileum and colon of the echidna (Schofield & Cahill, 1969 ; Griffiths, 1978) , but were not visible in the platypus intestine in a previous study (Whittington, 1988) . In the latter study, serial sectioning of the intestine of 4 platypuses at 3 cm intervals revealed Peyer's patches in only 1 jejunal and 1 ileal section (Whittington, 1988) . The difficulty in grossly visualising GALT, and in particular Peyer's patches, may have been overcome by acetic acid treatment (Poskitt et al. 1984 ; . This method can be utilised to accurately determine the location and numbers of lymphoid aggregates in gut but requires very fresh tissues.
Bronchus-associated lymphoid tissue was not a consistent finding in the platypus in keeping with some therian species. For example, the presence of BALT has a prevalence of 100 % in rabbits and rats, 50 % in guinea pigs and 33 % in pigs but is absent in normal cats, dogs and adult humans (Pabst & Gehrke, 1990) . This is the first report of immunohistological staining of lymphocytes in the platypus using species cross-reactive antipeptide antibodies raised against human T and B cells. It is also the first report of the use of an antiplatypus monoclonal antibody for the immunohistological staining of plasma cells. The immunohistological appearance of the lymphoid tissues examined in the platypus was similar to that of eutherian (Nicander et al. 1993 ) and metatherian (Hemsley et al. 1995 Canfield et al. 1996) mammals except for the apparent paucity of B lymphocytes. This may have been due to a true deficiency, inconsistency of labelling related to variation in the freshness and type of histological tissue or due to a lack of antibodies specific for B lymphocyte and plasma cell development in the platypus. For example, in the platypus spleen, the germinal centre lymphocytes failed to label with the panel of antibodies used with the exception of occasional plasma cells. Also, the lymphoid nodules of the platypus had inconsistent B lymphocytes and plasma cells, depending on whether a germinal centre was present. In contrast to therian mammals (McCaughan & Basten, 1983 ; Spencer et al. 1985 Spencer et al. , 1986 Nicander et al. 1993 ), CD79aj B lymphocytes and CD79bj plasma cells were absent or rare in the lymphoid follicles present in tonsillar tissue, Peyer's patches and caecum of the platypus. However, the predominant lymphoid cell of BALT and in the thymus was the T cell, as is the case in therian mammals (Sminia et al. 1989 ; Nicander et al. 1993) .
While this study has contributed to future immunological studies, it is imperative that functional studies support some of the conclusions. Because of the nature of the animal, these studies would not be easy but collection of peripheral blood lymphocytes from both healthy and sick platypuses for flow cytometry and lymphocyte proliferation assays is possible. This process would be aided by the production of more species specific primary antibodies and studies of the ontogeny of the immune system in the platypus.

